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Conventional data base management systems are designed for business 
app l icat ions  and do not provide the sort of tools required for 
e f fec t ive  management of algebraic data such as mathematical 
formulae. An e f fec t ive  information system for the science and 
engineering environment must cap i ta l i ze  on such structure. 
The Sc ient i f i c  Information System combines the fac i l i t i es  of 
data base management with those of symbolic computation using 
an inter fa~e very s imi la r  to Query by Example. This paper presents 
an overview of the system. Algebraic constraint sat is fact ion 
plays a c ruc ia l  role in the overa l l  design and is accomplished 
through in teract ion  with the  Maple Algebra System. SIS opens 
the poss ib i l i ty  of inter fac ing such diverse tools as automatic 
query inference systems for re la t iona l  databases, and algebra 
systems. 
1. I n t roduct ion  
Numerous data  base management systems have been 
developed for  bus iness  app l i ca t ions .  While some 
extens ions  of these systems to the management of 
sc ient i f i c  in format ion  ex is t ,  they have typ ica l ly  
stopped short  o£ prov id ing too ls  for  the raanagement of 
a lgebra ic  data .  This paper presents  an informat ion 
system (SIS) which extends the usual funct ions of an 
in fo rmat ion  system to include a lgebra ic  data. Where 
equat ion  so lv ing  is involved, a lgebra ic  so lu t ion  
techn iques  are  genera l ly  used ra ther  than numeric. The 
system prov ides  three  essent ia l  funct ions:  
the s torage and re t r ieva l  of s t ruc tured  
in fo rmat ion  inc lud ing a lgebra ic  formulae, 
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in format ion  man ipu la t ion  us ing  
techniques where necessary ,  and 
a lgebra ic  
procedure invocat ion  us ing  pareuneters  
generated  in  the above two s teps .  
The descr ip t ion  o£ mathemat ica l  problem so lv in~ in 
terms of operations on a database has potential 
applications in the design o£ expert mathematical 
systems,  amongst o thers .  The cur rent  p rototype  i s  based  
on the use of MAPLE (Char e£. ai.1983) to carry out 
algebraic manipulations. 
2.  A Data  Mode l  For  S IS  
Al l  in fo rmat ion  in the system i s  s to red  in  the fo rm o£ 
symbol ic  re la t ions .  This symbol ic re la t iona l  model i s  
der ived  from the re la t iona l  model (Ul lman, 1982) .  
Users define symbolic relations in order to per form 
retrieval or manipulation operations on this data. 
As in a conventional relation, each symbolic relat ion 
has an assoc ia ted  schema which is  a set  of a t t r ibutes  
(A1,  A2 . . . . .  Ak)" An ins tance  of a symbol ic  re la t ion  
i s  a set  of tup le -const ra in t - s impl i f i ca t ion  t r ip les  
(T,C,S). 
The list T is an ordered list of k values t t .... 
I' 2' 
t k where t i is the value corresponding to the attr ibute 
A.. The permissible attribute values include literals 
1 
(numeric constants and strings), indeterminants and 
null values. 
The const ra in ts  set  C i s  a set  of  equat ions  or  
inequa l i t ies  spec i fy ing  re la t ions  that  the  a t t r ibute  
va lues  T must sa t i s fy .  The fu l l  capab i l i t ies  o f  the  
under ly ing  a lgebra  system, are ava i lab le  in  spec i fy ing  
and manipu lat ing  these const ra in ts .  Thus, a lgebra ic  
va lues  and exact ,  ra ther  than numeric ,  computat ion  i s  
used.  
The list S is an (possibly empty') 
simplifications [xi = Yi ,i=l...n]. 
ordered list o£ 
When the t rip i e 
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(T,C,S) par t i c ipates  in  an operat ion ,  the const ra in ts  
are f i r s t  s imp l i f ied  by rep lac ing  each occur rence  of  x .  
1 
by the express ion  Y i '  for  each i ,  p r io r  to any o ther  
operat ion .  Some examples of symbol ic  re la t ions  a re  
g iven in  F igure  1. 
A t r ip le  (T,C,S) ex is ts ,  only i f  no incons is tency  has 
been detected  in the assoc ia ted  set  of  const ra in ts .  
For example, when the set  of const ra in ts  i s  empty, the 
t r ip le  ex is ts ,  uncond i t iona l ly .  When a l l  a t t r ibute  
va lues  are  l i te ra l s  and the set  of const ra in ts ,  fo r  
every  tup le ,  i s  empty, the symbol ic  re la t iona l  model 
reduces  to the convent iona l  re la t iona l  data  model. 
.3. Operat ions  on Symbo. l i c  Re la t ions  
The add i t ion  (de le t ion)  of a t r ip le ,  and pro jec t ion  
operat ions  are  exact ly  analogous to cor respond ing  
operat ions  in the convent iona l  re la t iona l  model. Only 
those operat ions  which d i f fe r  s ign i f i cant ly  from the 
convent iona l  re la t iona l  model are  d i scussed  here.  
3.1 The jo in  operat ion  
The resu l t  of jo in ing  the symbolic re la t ions  A and B 
is a symbol ic  re la t ion  S whose a t t r ibute  set  i s  a un ion  
of the a t t r ibute  sets  of  A and B. 
For each  pa i r  of  t r ip les ,  (one from A and one from B) ,  
new at t r ibute  va lues  are  determined as fo l lows .  For 
a t t r ibute  names which occur in exact ly  one of the 
symbol ic  re la t ions  A or B the new at t r ibute  va lue  i s  
s imply the g iven  va lue .  For a t t r ibute  names which are  
common to both symbol ic  re la t ions ,  the new at t r ibute  
va lue  i s  determined accord ing  to the ru les  out l ined  in  
tab le  1. There,  a ,  b and s represent  the a t t r ibute  
va lues  occur r ing  in the tup les  of A, B and S 
respect ive ly  fo r  some spec i f ied  a t t r ibute .  
In the tab le ,  a t t r ibute  va lues  L, L1 and L2 stand fo r  
l i te ra l  va lues .  S, S1, $2 stand for  symbol ic  
( indeterminant )  va lues .  I f  the va lues  in a t t r ibutes  a 
and b are  l i te ra l s  L1 and L2 (LI~L2), the new t r ip le  i s  
immediate ly  recognized as incons is tent  and is  re jec ted .  
When one or more o£ the a t t r ibute  va lues  of a and b are  
indeterminants ,  the s impl i f i ca t ions  a re  generated  or ,  
a)  PROPERTIES OF MATERIM.q 
Name Spec i f i c  Heat 
copper  .0056 
i ron  ,0089 
tungsten  .0029 
b) AREA OF SHAPE. 
Area Radius 
square  A Null 
rectangle A Null 
c i rc le  A R 
846 
1049 
952 
Cos___~t 
2 .~ 
52.72 
_Lenzth Breadth  
L L 
L B 
Nul i Nul i 
Cons traints 
A =L  2 
A=LB 
A =-n- R 2 
Temp. Final Speci£ic Ini tial Final 
Heat Rise Temp. Hea__~t l~s____~s Sta___~te State 
H T 1 T 2 s " ~1 ~2 
d) STATE ~TURE,  RFJ_ATION 
Constraints 
none 
none 
none 
Material Temp. State 
Water T L iqu id  
Water T Gas 
Water T So l id  
Constraints S impl i f i ca t ions  
T>--O;T<=IO0 None 
T>=IO0 None 
T<---O None 
F igure  1 ~p les  o f  symbol i c  Re la t ionr  
S impl i f i ca t ions  
none 
none  
none  
Simplifications 
None 
None 
None 
Const r -  S impl i -  
a in ts  ,£ ica t ions  
ST 1 = ST 2 None 
H = M S (T1-T2) 
0 
0 g 
t< 
.,--, 
r~  
7 
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in some 
s impl i f ied .  
ins tances ,  the  const ra in t  se t  is  jus t  
Tabl. e 1 Ru les  .for jo in  operat ions  
Nul l  Nul l  Nul l  
Nul l  S S 
Nul l  L L 
L Nul l  L 
L L L 
L1 L2 . . .  
L S S 
S Nul l  S 
S L L 
S1 $2 $2 
Addit ional  Act ions 
( Incons is tent  s ince  
L1 ~ L2 . )  
add S = L to new 
s impl i f i ca t ion  l i s t  
simplify constraints 
using S = L 
add S1 = $2 to 
simplification list. 
The ru les  a re  chosen so that ,  in  the case  of  
indeterminant  a t t r ibute  va lues ,  the s imp l i f i ca t ions  
w i l l  reexpress  the const ra in ts  (which are  expressed  in  
terms of indeterminants  from one of  the  or ig ina l  se t  of  
a t t r ibute  va lues)  in  terms of  the new at t r ibute  va lues  
pr io r  to tes t ing  fo r  va l id i ty  of the const ra in ts .  Th is  
mechanism permi ts  s to red  a lgebra ic  const ra in ts  to be 
re formulated  in  terms of user  supp l ied  indeterminants .  
For example, the  resu l t  o f  jo in ing  the re la t ion  AREA OF 
SHAPE g iven  in  f igure  1 b) w i th  the symbol ic  re la t ion  
RELATION-1 g iven  in  f igure  2 a) appears  in  f igure  2 b ) .  
3 .2  The eva luat ion  of  a symbol 
Given a symbo l i c  re la t ion  S and an indeterminant  s, an 
s imp l i f i ca t ion  of  the form s = y is  a t tempted  in  th i s  
operat ion .  For  each t r ip le  (T,C,S)  in  S, where the  
symbol s occurs  as a va lue  in  T, then  the  set  of  
const ra in ts  C i s  man ipu la ted  ( i f  poss ib le )  to reexpress  
the  system of const ra in ts  by a system that  inc ludes  an 
equat ion  s = y,  thereby  express ing  the  va lue  o f  the  
symbol s in  terms of the remain ing  parameters .  I f  such 
a s imp l i f i ca t ion  i s  found , i t  i s  added to  the end of  the  
s imp l i f i ca t ion  l i s t ,  so that ,  in  fu ture  re ferences ,  the  
s imp l i f i ca t ion  w i l l  occur  p r io r  to const ra in t  check ing .  
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Eva luat ion  i s  not  a lways  poss ib le  e i ther  due to 
inadequacy  of  in fo rmat ion  or  complex i ty  o f  the  prob lem.  
I f  eva luat ion  fa i l s  fo r  a g iven  t r ip le ,  the or ig ina l  
t r ip le  i s  re ta ined  in  the  new re la t ion .  Evaluat ion may 
a lso  resu l t  in  more than  one so lu t ion  exp l i c i t l y  be ing  
re turned  by  the  a lgebra ic  so lver .  In  such  cases ,  a new 
t r ip le  w i l l  be  generated  fo r  each  d is t inc t  so lu t ion .  
The resu l t  o£ eva luat ing  RP in  AREA OF SHAPE-1  (see 
f igure  2b)  i s  the  symbo l i c  re la t ion  AREA OF SHAPE-2 
shown in  f igure 3. 
3 .3  The se lec t ion  operat ion  
G iven  a symbo l i c  re la t ion  R and a set  of  const ra in ts  C, 
se lec t ion  re turns  a re la t ion  R I w i th  the  same schema. 
For  each  t r ip le  & of R, a new t r ip le  t l i s  formed.  The 
tup le  t l  has  the same l i s t  o£ a t t r ibute  va lues  and the 
same set  o£ s impl i f i ca t ions  as  &. The set  of 
const ra in ts  in  & i s  augmented by the set  of  const ra in ts  
C to  g ive  the  set  of  const ra in ts  fo r  t_~l. Th is  
augmented  set  o£ const ra in ts  i s  tes ted  fo r  cons is tency .  
Only  when an incons is tency  i s  detected ,  i s  the  t r ip le  
. t l  re jec ted .  Otherwise ,  the new t r ip le  t l  i s  inser ted  
in  R 
1" 
4 .  An example  o f  p rob lem so lv ing  in  S IS  
Deta i l s  o£ the  QBE l i ke  spec i f i ca t ions  a re  g iven  in 
(Bandyopadhyay  & Dev i t t  1984) .  Here we descr ibe  the 
cor respond ing  operat ions  on symbo l i c  re la t ions .  
Example  1 
ELectrtcat cabtes of Lengths I hm and S hm wtth radt% 
betmeen l nua and i0 mm have to carrg IOOA current with 
a maximum voltage drop of 5 uoLts and a maximum 
temperature r ise of 20 degrees centigrade. MateriaLs 
to be tnvest tgated  should have a spec i f i c  res i s tance  of 
Less  than  .01 ohm metre  and shou ld  not  cos t  more than  
$90 per kg. The output  shou ld  glue the  name of the 
materiaL, i t s  cost, radius and temperature r ise.  
The user  might  p roceed as  fo l lows :  
1. The user  spec i f ies  the  symbo l i c  re la t ion  RESISTANCE 
OF WIRE. Th is  i s  a s to red  re la t ion ,  wh ich  cor responds  
Shape 
c i rc le  
c i rc le  
square 
Shape 
c i rc le  
c i rc le  
square 
Shape 
c i rc le  
c i rc le  
c i rc le  
square 
square 
a}]~E1AT ION-  1 
Radius Length Constraints 
RP Null none 
5 Null none 
Null RP none 
Area 
A 
A 
A 
Are__.__~a 
A 
A 
A 
A 
A 
Simpli£ications 
none 
none 
none 
Radius Length Breadth Constraints 
RP Null Null A = ~RP 2 
5 Null Null A = 25 ~ 
Null RP Null A = RP 2 
Simplif ications 
none 
none 
none 
F igure  2. The jo in  of two symbol ic re la t ions  
ARFA OF SItAPE - 2 
Radius ~ Breadth Constraints 
RP Null Null none 
RP Null Null none 
5 Null Null A=ZS~ 
Null RP Null none 
Null RP Null none 
F igure  3. 
Simplifications 
RP = 4(A/~ ) 
RP -V (A/r) 
none 
RP = 4(A) 
RP -4(A) 
The e v:a luat ion of a ,symbolic re la t ion  
o 
5 
o 
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to a formula relating RF~ISTANCE, 
SPECIFIC RESISTANCE AND LENGTH. 
CRO~ SECTION 
(The user  is  p resented  wi th  a ske le ton  and i s  a l lowed 
to  spec i fy  un i ts  and a t t r ibute  va lues  (poss ib ly  by 
indeterminants ) ,  The user  may a lso  inser t  add i t iona l  
const ra in ts  in the form of user  de f ined  formulae  
(poss ib ly  invo lv ing undef ined  symbols such  as U). 
Eva luat ion  requests  a re  ind icated  by "?" as  shown in 
F igure  4) 
2. Other  const ra in ts  a re  impl ied by the phys ica l  nature  
of  the  problem. The user  inc ludes  these  by complet ing  
add i t iona l  ske le tons  for  re levant  re la t ions .  In th is  
case  the re la t ions  are :  OHM'S LAW, MATERIAL 
PROPERTIES, and TEMPERATURE RISE. (See F igure  5 . )  
3. F ina l ly ,  the user  ind icates  
d i sp layed  (F igure G). 
what data  i s  to be 
The SiS system now processes these specifications by 
retrieving data, generating Maple code, invoking Maple 
procedures, and displaying the result. SIS begins by 
generating a graph whose nodes are the user specified 
skeletons. Each edge of the graph indicates that the 
skeletons have a symbol i n  common. An optimised 
sequence of operations (e .g . ,  join, select, evaluate) 
is generated from this graph. Specification of 
evaluation forces a precedence of operations. For 
instance, the use of "?" in figure 4 specifies that 
evaluation o£ R must precede its use. 
5. Structured Symbolic Information 
The example given above requ i res  unst ructured  or  a tomic  
symbol i c  in format ion.  However, s t ruc tured  symbol ic  
in fo rmat ion  a lso  occurs  qu i te  f requent ly .  Such 
situations may be handled by SIS using the facility of 
invoking user defined procedures (at the algebra system 
level) in the constraints as can be seen in the example 
given below which illustrates how Kirchoff's law, a 
fundamental law in electrical circuits, is handled in 
SIS .  
Example  2 
The sum of at L currents 
c i rcu i t  Ls O. 
f lowtn.g through ann node  ire a 
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>RESISTANCE OF WIRE 
,RES ISTANCE ~ CROSS SPECIFIC I LENGq'H ' USER ' I ] i 
i I SECTION RESISTANCE I I DEFINED i I i I ~ I 
I I . . . . .  o res -  . . . .  F - -~R- -mr  . . . . .  ~HZ-~- - - -F - - - -~  [ 
r t 2 - - - I  l r n- - - - - - I  I ?R I ~r RAD ' RHO ' L = 1,51 C--wRAD "~LU I I I 1 } 
i I I I I I 
F igure  4 .  A sample  ske le ton(w i th  ..... user  . inputs )  
)MATERIAL PROPERTIES 
NAME ' I 
I 
I 
I 
i UNIT I CONDUCTIVITY j SPECIFIC i
RESISTANCE I COST t i i I 
i 
1 1" l ] 
i I I I 
r TC I X I RHO I u ~ , 
i I ] I 
>TEMPERATUREE RISE 
ICURRENT RADIUS ] THERMAL ] AMBIENT TEMP. 
CONDUCT. TEMP. RISE 
- - - /~ IPS  . . . . . . . . .  ~ . . . . . . . . . .  CENT . . . . . . . . .  CENT-- 
100 RAD=I TO TC 25 T 
TO 10 BY 
I 
F igure  5a. De£ining a problem with skeletons 
>OHM'S LAW 
,' VOLTAGE I CURRENT I RESISTANCE 
[ - -VOLTS- [  ~rS  . . . .  [ . . . . . .  on~s  . . . . .  
[ . . . . . . .  ~- - [  i oo  . . . .  I 
] i I 
>CONDITION BOX 
[ I 
I ,' (U <= 90) AND (RHO <.01) AND T < 20 , 
I AND V<5 i 
I I 
F igure  5b .  Def in in~ 
>OUTPUT 
a prob lem wi th  ske le tons  
i X i C T i RAD 4 L i 
I I I I I 
(cont 'd )  
F igure  6 .  Def in ing  a problem,, ,  w i th  ske le l tons ,  
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CIRCUIT  RELAT ION 
END1 END2 
E1 E2 
NODE RELAT ION 
NODE 
N 
I 
CONSTRAINT 
SUM(ADD (SELECT (CIRCUIT, ENDI=N), 
SELECT (CIRCU IT, END2=N) , CURRENT } =0 
F igure  7.  Structured Symbol i c  relations 
Such  a law can be  represented  through the  two re la t ions  
in  f igure  7. The SELECT funct ion  i s  a Maple funct ion  
wh ich  when invoked w i th  the  cond i t ion  ENDI=N, re turns  a 
re la t ion  fo r  wh ich  a l l  t r ip les  sa t i s fy  the  cond i t ion .  
The ADD funct ion ,  when invoked w i th  two compat ib le  
re la t ions  R1 and R2, re turns  the un ion  of  the  two 
re la t ions  and the  SUM funct ion ,  when invoked w i th  a 
re la t ion  R and an  a t t r ibute  name A, re turns  an 
a lgebra ic  express ion  cor respond ing  to  the sum o f  a l l  
va lues  ( symbo l i c  or  l i te ra l )  of  the  a t t r ibute  A in  the 
t r ip les  of  R. 
6 .  Summary 
A bas ic  aim of  S IS  i s  to  be  ab le  to  exp lore  the 
extens ion  of  data  base  management sys tems to  inc lude  
a lgebra ic  data  and the  assoc ia ted  exact  computat ion .  
Th is  has been done through the  use  of  const ra ined  
tuples, and a formalism for dealing with algebraic 
evaluation. These extensions greatly enhance the 
r i chness  of the  data  representab le  by  such  a sys tem 
( fo r  example cond i t iona l  ex i s tence ,  symbo l i c  £ormulae ,  
and s t ruc tured  ob jec ts )  even  though there  are  cos ts  
assoc ia ted  w i th  const ra in t  check ing .  
The fundamenta l  not ion  of const ra ined  (s t ruc tured)  
ob jec ts  a r i ses  natura l ly  in  severa l  contexts  and 
heur i s t i c  a lgor i thms work o f ten  enough to  be  use fu l  
(Gos l ing ,  1983,K ings ley  1981, Suther land  1983, Born ing  
1979) .  The SIS des ign  i s  f lex ib le  enough to  suppor t  
most  of  these  heur i s t i cs  , but  extends  them in  a 
natura l  way to  inc lude  use  of  a power fu l  a lgebra ic  
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equat ion  so lver .  Computat ional ly ,  SIS d i f fe rs  from 
commercial  p roducts  such as TK!Solver(TK!Solver 1983) 
in that  SIS can handle  a lgebra ic  problems, fo r  example 
re turn ing  a formula which expresses  one unknown in 
terms of o thers  as wel l  as s t ructured  ob jec ts .  Though 
we have descr ibed  one user  in ter face ,  cur rent  emphasis 
i s  on the data  model and i t s  potent ia l  ra ther  than a 
par t i cu la r  user  in ter face .  
SIS i s  not  yet  an expert  system. While the system does 
automat ica l ly  generate  a sequence of database  
operat ions ,  i t  s t i l l  requ i res  cons iderab le  user  
in teract ion  to spec i fy  the problem complete ly .  The  
mode l l ing  of problem so lv ing in terms of a re la t iona l  
database  opens severa l  poss ib i l i t i es .  For example, 
var ious  approaches to automat ic  query in fe rence  have 
been developed (Wald1985) fo r  re la t iona l  databases  and 
are  app l i cab le .  Work is cont inu ing  in these  
d i rec t ions .  
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